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Microscopy data lifecycle

Illustrations by Henning Falk, under a CC BY 4.0 license. Modifications to this illustration include cropping.
Zebrafish image Courtesy of J. Huisken and K. Weiss

http://falk-illustrations.de/
https://creativecommons.org/licenses/by/4.0/
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Research Data Management Challenges

32024-09-26

File storage and organization: the risk of data fragmentation

A collaborator doing image
analysis has no access or

needs to have the data locally

               

                            

Send him/her a copy…

Lab meeting / seminars, etc.
→ I need to show my

results:

Exporting as JPEG to
create a few figures…

Stored on local computers, 
sent via emails, etc.

Institutional backed-up storage
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Illustrations by Henning Falk, under a CC BY 4.0 license. Modifications to this illustration include cropping.

http://falk-illustrations.de/
https://creativecommons.org/licenses/by/4.0/
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The data management problem in classical file browsers:

Network

Image acquisition

File store

No preview available.

Where is the metadata?

…usually it is in a 
hardcover lab notebook

Not searchable.

Courtesy of S. Weidtkamp-Peters
https://commons.m.wikimedia.org/wiki/File:Bryce_Bayer_Lab_Notebook_U203_page_1.jpg CC BY-SA 4.0

https://commons.m.wikimedia.org/wiki/File:Bryce_Bayer_Lab_Notebook_U203_page_1.jpg
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How do I even open the images ?

Swedlow et al. (2003) Informatics 

and quantitative analysis in 

biological imaging. Science 

300(5616), 100-2.       

DOI: 10.1126/science.1082602

CIDAS Göttingen · Josh Moore · Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546

Biological images are generally saved by the
microscopes in vendor specific proprietary
formats (> 100 different formats).

The vendor can provide software for
opening these images, but:
- License?
- Backwards compatibility?

Need to convert the images to an open
format, OME-TIFF, while preserving:
- Data
- Metadata

https://doi.org/10.1126/science.1082602
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OMERO is a microscopy data management platform

Schmidt, C., Bortolomeazzi, M., Boissonnet, T., Fortmann-Grote, C., Dohle, J., Zentis, P., Kandpal, N., Kunis, S., Zobel, T., Weidtkamp-

Peters, S., & Ferrando-May, E. (2023). I3D:bio's OMERO training material: Re-usable, adjustable, multi-purpose slides for local user

training. Zenodo. https://doi.org/10.5281/zenodo.8323588
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https://YOUR_OMERO_WEB_ADDRESS

Example Projects and 

Datasets

Preview thumbnails

Metadata• Managed data

• Preview 

available

• Access to

metadata

• User-friendly but 

machine-

accessible

How OMERO helps with data management
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Analysis in the data management workflow

A practical guide to bioimaging research data management in core facilities, Journal of Microscopy, Volume: 294, Issue: 3, Pages: 350-

371, First published: 16 May 2024, DOI: (10.1111/jmi.13317) 

Export

Import

Analysis

Images

ROIs

Metadata

Tables
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912/03/25

DMSO

MG

X

activation

no activation

Detect with microscope:
DAPI (cell nuclei = DNA)
p-ERK (a protein)

0h_DMSO_pERK

3h_DMSO_pERK

0h_MG_pERK

3h_MG_pERK

0h_X_pERK

3h_X_pERK

Drug treatment

Example layout of a biological study with bioimaging data
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(OMERO live demonstration and self-exploration 
for workshop participants)
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Advantages of OMERO for RDM

• Central, backed-up storage for bioimaging data

• In original file format, with preview options and metadata access

• Shared visualization and annotation for metadata enrichment

• Remote and controlled access for defined user groups

• Figure creation and export directly with original images

• Interfaces for image analysis available (e.g., Fiji, QuPath, etc.)

• Can be connected to ELNs

15/12/22
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How about very large data?

15/12/22

A vanc   n    n   ag ng   chno og   h gh      o    on,   n    v   ,   ag   a  a, …

Images can have sizes in the order of multiple TBs!

Mouse embryo (~2018)   5 TB, 1 volume McDole et al. Cell (10.1016/j.cell.2018.09.031) 

2169 X 2048 X 988 (xyz) pixels

532 timepoints X 2 Channels X 16bit

How can we deal with such large images:

- Store

- View + Analyse

- Share

- …

“Mono   h c v . ch nk  ” b  H nn ng Fa k https://github.com/zarr-developers/zarr-illustrations-falk-2022 ©2022 

NumFOCUS (CC BY 4.0)

https://doi.org/10.1016/j.cell.2018.09.031
https://github.com/zarr-developers/zarr-illustrations-falk-2022
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OME-Zarr, a chunked file format

15/12/22

-Zarr

Next-generation file format
also known as OME-NGFF

CIDAS Göttingen · Josh Moore · Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546

“Mono   h c v . ch nk  ” b  H nn ng Fa k https://github.com/zarr-developers/zarr-illustrations-falk-2022 ©2022 NumFOCUS (CC BY 4.0)

Def. (n) directory-like layout of data rather than a single file, header information is 

available in formats like JSON or YAML.

Pros:

‣ natively supports parallel writes

‣ server-less access to contents

‣ much more web-like access

‣ can avoid costly downloads,

e.g. when on S3

Cons:

‣ many more files on disk

‣ no easy way to lock on update

‣ reduced desktop support

Moore et al. (2021). OME-NGFF: a next-generation file format for expanding bioimaging data-access strategies. Nature 
methods (2021). Published: 29 November 2021 DOI: 10.1038/s41592-021-01326-w https://bit.ly/citing-ome

https://github.com/zarr-developers/zarr-illustrations-falk-2022
https://doi.org/10.1038/s41592-021-01326-w
https://bit.ly/citing-ome
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Moore et. al: Histochemistry and Cell Biology (2023)

Multi-resolution, 5D+ image data

CIDAS Göttingen · Josh Moore · Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546
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NETWORK

NETWORK

Access via network

Chunkable file format

Monolithic file format

SPLIT CONCATENATE

viewed in

External Storage Network Local Computer

Multi-resolution, 5D+ image data

CIDAS Göttingen · Josh Moore · Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546

“Mono   h c v . ch nk  ” b  H nn ng Fa k https://github.com/zarr-developers/zarr-illustrations-falk-2022 ©2022 NumFOCUS (CC BY 4.0)

Moore et al. (2021). OME-NGFF: a next-generation file format for expanding bioimaging data-access strategies.Nature 
methods (2021). Published: 29 November 2021 DOI: 10.1038/s41592-021-01326-w https://bit.ly/citing-ome

https://github.com/zarr-developers/zarr-illustrations-falk-2022
https://doi.org/10.1038/s41592-021-01326-w
https://bit.ly/citing-ome
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Growing support for viewing analysing

Neuroglancer

Webknossos

NapariFiji/BDV/MoBIE

CIDAS Göttingen · Josh Moore · Scalable Strategies (2025-01-23) 10.5281/zenodo. 14716546
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Let’s explore a “small” example from the BioImage Archive

https://ftp.ebi.ac.uk/biostudies/fire/S-BIAD/515/S-BIAD515/Files/MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif

Also available from FTP (but remember, this is 15 GB!):

MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif

15GB (20257 x 30311 x 5 Pixels, 3 Channels)

Human fetal thymus, 16 weeks

https://www.ebi.ac.uk/biostudies/BioImages/studies/S-BIAD515

https://ftp.ebi.ac.uk/biostudies/fire/S-BIAD/515/S-BIAD515/Files/MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif
https://www.ebi.ac.uk/biostudies/BioImages/studies/S-BIAD515
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https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD515/IM4.html

There is a faster way!

https://ftp.ebi.ac.uk/biostudies/fire/S-BIAD/515/S-BIAD515/Files/MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif

Also available from FTP (but remember, this is 15 GB!):

Can you find the areas richer in blood vessels?

Hint: Zoom in and play with the green slider.

MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif

15GB (20257 x 30311 x 5 Pixels, 3 Channels)

Human fetal thymus, 16 weeks

https://www.ebi.ac.uk/bioimage-archive/galleries/S-BIAD515/IM4.html
https://ftp.ebi.ac.uk/biostudies/fire/S-BIAD/515/S-BIAD515/Files/MH_PFI_1216_F76-THY_Nucleus_MPO_CDH5_AZU1_Meas3_A03_F1T0_none.ome.tif
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(Dataset exploration with OME-Zarr in the
Vizarr viewer)
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A FAIR Bioimage Data Vision

https://github.com/zarr-developers/zarr-illustrations-falk-2022


